Abstract: Business environment in the information and communications technology (ICT) sector is turbulent. Requirements for products change even during new product development (NPD). Profound information during the early part of NPD is critical for success, and verification & validation activities can aid in providing this required information. Also, developing parallel technologies and product alternatives during the early NPD supports gaining this information. Although developing multiple options may seem a waste of resources, this may prove beneficial, even for small and medium sized companies, in a changing environment. This study analyses how ICT companies deal with challenges caused by technological uncertainties.
Introduction
Top management needs information on research and development (R&D) opportunities, and risks associated with technological change, in order to make business decisions. There is evidence of technological uncertainty influencing the product development approach, and thus being a vital challenge for companies (e.g. Magnusson and Berggren 2001) . Although technological uncertainty is considered to be inherent characteristics in any product development process, this characteristic is particularly amplified when it involves cutting-edge technology (e.g. Song et al., 2007) . Uncertainty can be understood as management's challenge relating to decision-making, when all the relevant information is not available (e.g. Song and Montoya-Weiss, 2001 ). Parallel developments, and set-based approaches, are methods for tackling uncertainty by exploring several alternatives simultaneously, in order to gain more information. Developing parallel options influences the final decision-making by postponing it.
Technological development, especially in the information and communications technology (ICT) sector, has resulted in complicated products, offering virtually unlimited feature possibilities for customers. Increased product complexity has caused difficulties in designing and manufacturing electronics gadgets defect-free (e.g. Woodward and Hennell, 2005; Black, 2004) , and verification and validation (V&V) activities have thus become increasingly important for the development. There are estimates of V&V taking 30 to 80 percent of total resources in high-tech product development (e.g. Engel & Last, 2007; Gilb, 2005; Runeson et al., 2003; Murray, 2007) . V&V is an effective means for collecting information and thus reducing uncertainty. However, V&V activities are typically conducted in an environment with great uncertainties.
The above mentioned is the motivation for considering parallel development during new product development (NPD) process for the added ease of dealing with uncertainties and organising V&V. Also, the timing of technological decision-making during new product development (NPD) is covered in this study. The research objective can be condensed into the following research questions:
RQ1 what type of possibilities are there for reducing NPD uncertainty in the ICT sector, and improving V&V practices?
RQ2 how are this type of companies reducing uncertainty in practice?
Theory

Developing parallel alternatives during NPD process
Conventional design practices often come together with a quick solution, and modify it later until meeting objectives. This type of approach is also called point-based product development, where a successful solution depends on the initial choices (e.g. Joglekar and Rosenthal, 2003) .
There are different types of mental frames for gradually selecting from a large set of possibilities. These include funnel approach, and set-based approach (e.g. Wheelwright & Clark, 1992a; Cooper, 2008; Liker et al., 1996; Yassine et al., 2008) . The intention of these approaches is to cope with uncertainty by postponing final decision making. For example, Ford and Sobek (2005) argue that longer time spent in early NPD allow companies to have more options and better solutions later.
Recent literature has raised set-based product conceptualisation as an important issue for flexible management of product development, allowing handling multiple options, and gaining timely feedback (e.g. Zhang et al., 2008; Ford and Sobek, 2005) . Companies are able to anticipate changes with set-based approaches, and facilitate operational reactions to changes, should they be caused by technical, or engineering problems, or customer preferences. This approach allows offering a number of products effectively, with reasonable costs. This virtually inefficient approach has made, for example, Toyota's development time fastest in its industry (e.g. Morgan and Liker, 2006 ).
Toyota's set-based concurrent engineering (SBCE) approach of intentionally delaying alternative selection is explained as a real options approach to product development management (Ford and Sobek, 2005; Morgan and Liker, 2006) . SBCE utilised by Toyota includes different actors working on rough-cut designs within defined frames, that they have means to work within. This type of approach aids to avoid over-the-wall designs, where different departments do not sufficiently support the realities of other stages facing the design later in the process (Hines et al., 2006) .
Platforms
The use of platforms is a mechanism to cope with uncertainty in product development (Zhang & Doll, 2001 ). Product platforms have been seen as a significant R&D tool (Gershenson et al., 2003; Robertson & Ulrich, 1998; Salonen et al., 2008; Meyer & Utterback, 1993) , thus are more often considered as a planning construct rather than a single product construct (e.g. Yang and Jiang, 2006) . Platforms are understood as the basic structure of products with a common set of components, modules, and parts from which a stream of derivate products can be effectively created, and launched (e.g. Meyer & Lehnerd, 1997; Yakob and Tell, 2007) . The core technology of the products remains the same (e.g. Koufteros et al., 2005) . This type of an approach decreases the time used for new product planning, as there is no need to engineer the entire product from scratch, while useful elements already exist (e.g. Robertson & Ulrich, 1998.) . Product changes can be made rapidly due to technical and marketing uncertainties being lower (e.g. Koufteros et al., 2005) . When platforms are utilised, the product can be tailored for the customers needs, fairly late during the development process (e.g. Ratamaki, 2004) . Nevertheless, platforms can be complicated to design, and can also fail in many ways (e.g. Robertson & Ulrich, 1998) , and developing them requires involvement of multiple parties (Wheelwright and Clark, 1992b) .
Platform products are also seen to foster organisational learning while the development process is repeated with a great frequency. This type of continuous improvement helps teams share knowledge over customers, suppliers, competitors, products, and internal capabilities. (Zhang and Doll, 2001; Lee, 2007) .
Roadmaps
Roadmapping is increasingly used by companies to derive business visions, and to describe linkages, and necessary actions (EIRMA, 1997; Bullinger et al., 2004) . When people can visualise a better future, they can begin to create it -in other words decrease uncertainty. In the early 1980s, Motorola utilised a combination of techniques to integrate product and technology planning for formulating a technology strategy, while calling the outcome a technology roadmap. (Betz, 1993; Willyard and McClees, 1987) . The purpose of a roadmap is to make sure the right capabilities are in place, at the right time, to achieve this objective (e.g. Probert and Radnor, 2003; Lee et al., 2007) . A technology roadmap coordinates and synchronises different functions. It is important that people have the same understanding. The essence of roadmapping, for organisational knowledge-sharing and learning have been emphasised by different authors (e.g. Groenveld, 1997; Phusavat and Kess, 2008) .
Project portfolio approach
Typically technological uncertainty is seen to be relevant for decision making when it is considered in conjunction with market uncertainties, or revenue uncertainties (e.g. Sengupta, 2005; Murto, 2007) . Also, both the supply and demand side of the market are seen to be characterised by technological uncertainty (Gressgard and Stensaker, 2006 ). Different models, with different levels of distinction, are used to communicate issues related to technological uncertainty, Matthews (1991) probably being among the most unambiguous. Yet, also Wheelwright and Clark's (1992) product development funnel has been developed into versions that have uncertainty as a more primary concern (Feland et al., 2004) . Matthews (1991) categorises R&D projects into three different groups according to the level of uncertainty and allocated resources. The first category is long-term research for developing future technologies. The level of uncertainty is high, while these projects are considered as overhead costs necessary for companies' future success. Matthews calls the second category strategic options and locates the category between long-term research and short-term R&D. The purpose of this category is to assess and select the right technologies by reducing uncertainty. The third category of R&D projects can be considered as investments, while the development costs, and manufacturing costs, as well as the markets are known for calculating return on investment (ROI). The level of uncertainty at this stage is low.
In other words, companies should have separate projects, between long-term research, and operative development, for addressing uncertainty. This can be done by evaluating potential options, resulting in lower level of uncertainty, allowing decisions on large scale development projects. (e.g. Suomala, 2004; Matthews, 1991; Suomala and Jokioinen, 2003; Suikki, 2007) .
Verification & validation and NPD uncertainty
Verification and validation (V&V) is an effective way for collecting information, and thus reducing uncertainty. However, these activities are typically conducted in an environment with great uncertainties. There is evidence of both, acknowledging the need for earlier consideration of V&V, and the current situation being non-ideal (e.g. Boehm, 1981; Belt et al., 2008; Host and Johansson, 2000; Harkonen et al., 2008; Mahanti and Antony, 2006) . It is a known fact how errors, or misunderstood requirements, are more expensive to fix, the later they are addressed during the development (e.g. Boehm, 1981; Chun, 2006; Firesmith, 2007) . Cost reduction has been a traditional motivation for searching ways to shift the emphasis towards earlier phases in the NPD.
There are methods that allow learning from technologies during the development, including simulation, ijiwaru testing (Morgan and Liker, 2006) , set-based methods, and such. The distribution of relative V&V efforts is illustrated in Figure 1 . Traditional pass/fail approach to V&V does not decrease, nor aid coping with technological uncertainty, as the information provided is of on/off type compliance indication. Typically, the requirements are stabilising during the NPD process (e.g. Ebert, 2007; Beecham et al., 2005) and the role of V&V changes. V&V, when sufficiently organised, can be utilised to provide valuable information about the subject. These 'setbased' type V&V methods are a potential opportunity for improving the performance of V&V during the early NPD, and for decreasing uncertainty. Verification should be more of an integral part of the design, for which typical methods are measuring, simulation, and modelling. In the later stages of the NPD chain (product integration), pass/fail verification is more effective, when efficient execution is crucial. Some elements of verification can be conducted outside the design and are therefore mostly pass/fail type. (e.g. Perttula, 2007) . Ideal division of V&V efforts between set-based type, and pass/fail V&V is illustrated in Figure 2 . 
Research Process
The empirical study was conducted to obtain data for analysing how ICT companies address technological uncertainty. The empirical study consisted of 48 interviews, comprising a representation from different phases of the product development process. Interviews were conducted informally, allowing the interviewees to explain and clarify the cases and topics as entities. All the individual interview results were analysed separately for the following aspects of uncertainty reduction: parallel development, platforms, roadmaps, project portfolio approach, and others identified.
The interviewed companies provide products for both business-to-customer, and business-to-business markets. Some of the companies can be seen as subcontractors, whose products are inputs into the first category. Therefore, these interviews represent uncertainty and V&V activities in a versatile manner and provide understanding of managing diverse issues.
The participants interviewed were carefully selected on the basis of their professional background and expertise. Selected participants hold responsible positions in the interviewed companies. The experience and the current interests ensured the high motivation among the participants and up-to-date knowledge with respect to the discussed topics.
Results
Parallel development
The study indicates the majority of the interviewed companies not developing parallel technological alternatives. In some cases, two parallel options are used, seldom more. According to the companies, the most important reason is resource limitations. Only the largest of the studied companies use the strategy of developing several parallel alternatives, thus making postponing the final technological selection possible.
Typically, the companies fix technologies as early as possible. The milestone models utilised by the companies do not promote open options, but rather guide for final decisions. In the case of an unexpected situation, the strategy of developing a single solution leads to a panic mode, causing unnecessary costs and delayed schedule.
Some of the studied companies attempt addressing this type of problems by preparing back-up plans for situations when a chosen critical technology proves inadequate. However, companies are not developing parallel alternatives, but rather, back-up plans are seen to be developed with much less resources. This does reduce the overall development time but only when the selected technology gives the desired results.
Platforms
All the interviewed companies utilise platform-based product development, for freezing some common elements, and thus decreasing the associated uncertainty. This also enables faster product variants. The share of this type of development is identified to be increasing. The purpose of platforms is to act in a Lego block manner, so that they can be utilised rapidly for reacting to changes in the marketplace. The life-cycle of a platform is typically several years, and it thus determines the basic technologies for a long time. According to the interviews, standardising critical components, and interfaces, is another approach for tackling uncertainty.
Platforms ease the pressure on verification and validation activities shifting the focus onto interfaces. However, in practice it is a challenge for the V&V activities, as according to the interviewees, too often the platforms are taken into product development before they are finalised and properly tested.
Roadmaps
All the studied companies are striving for technological leadership, and as a consequence technology management is important to them. They systematically follow the development of technology and customer needs. Roadmapping, covering typically next five years, is used for describing these developments. Decisions on feasibility studies, which assess the importance of technologies, are based on the roadmaps.
Despite of striving for technological leadership, a part of the studied companies do not typically try to patent their inventions, but rather analyse competitors' patenting for learning purposes.
The interviewed companies have realised that the ability to react to changes is significantly improved when actively listening and analysing the market. Should there be any radical changes in customer needs, or technologies, the studied companies aim to adapt to these changes rapidly. This is attempted also during product development projects.
Regardless of all the companies utilising roadmapping, the profoundness, level, and the extent of this varies significantly. Some of the larger, and more advanced companies, invest considerably into drawing up this type of plans, when the smaller ones tend to have a more shallow approach.
Project portfolio approach
The studied companies screen potential technologies, and then select the ones to be utilised, based on their company strategy and market & customer needs. Different types of feasibility studies are used for potential technologies, in order to reduce the level of uncertainty, prior to committing significant resources. These decisions are considered as strategic choices for the companies.
Milestones are used in most of the interviewed companies during the NPD process, and they are considered as natural points for assessing the maturity, and the level of uncertainty of projects. V&V are seen as a crucial part of these assessments. The final technology selections are typically attempted as early as possible, as most of the interviewed companies do not develop parallel solutions. The motivation for this is to avoid wasting resources on projects that will not be finalised.
Others
The interviewees highlighted few alternative ways for reducing uncertainty associated with technological choices. Prototyping is seen to be used to complement designs, as a means for studying the subject under development in a tangible manner, and to learn from the new technology. Prototypes are also used together with pilot customers to check whether a product meets the customer needs.
The interviewees emphasise the importance of the earlier part of the product development process, including technological choices and project planning.
Some of the studied companies aim to influence the future standards, and thus to minimise the negative effects of technological uncertainty. By doing so, the companies gain significant know-how on future technologies likely to dominate.
The interviewees feel that the business environment is getting increasingly turbulent, and as a consequence, companies must be able to react quickly to any changes in the market place. The companies, especially those developing software, are addressing this challenge currently by adopting agile methods. In agile development, features are developed and launched before completing the final products.
Summary
The interviewed companies are aware of the necessity of emphasising the early part of the development cycle. Roadmapping is used in the beginning of development projects to clarify customer needs and technological opportunities. Feasibility studies are used after roadmapping to decrease the uncertainty with technologies, prior to committing significant amount of resources. Feasibility studies are utilised as a basis for deciding in which technologies to invest.
The study showed that only the most successful companies utilise, in practice, the principles of parallel development. In addition, companies try to minimise the uncertainty in product development, participating in creation of business sector standards, and using platforms, prototyping and agile development methods.
Most of the interviewed companies do not postpone final technological decisions, rather they tend to make the decisions as early as possible. Figure 3 describes the methods the companies are using for coping with uncertainty. 
Conclusions
Companies are constantly living in uncertain, turbulent business environment. It is crucial for business success to minimise R&D risks and develop right products at the right time. The theoretical part of this paper identified the following methods for reducing uncertainty in this type of environment: parallel development, platforms, roadmapping, project portfolio approach, and V&V activities.
The empirical part of the study showed that all the studied companies utilise platforms and roadmapping, the majority uses project portfolio approach, but only the largest and most successful apply parallel development in a systematic manner. This study indicated that especially small and medium sized ICT companies tend to make the technological decisions as early as possible. In addition, companies try to minimise uncertainty in product development through participating in business sector standard creation, by using prototyping, and through agile development methods.
The tendency of small and medium sized companies to freeze their technological solutions as early as possible leads to a great technological uncertainty, and thus is a challenge for managers. Should these decisions prove wrong, significant costs are created in the form of wasted resources and delayed development. Especially, SMEs should consider possibilities of using parallel development, and thus follow the more advanced companies. Managers in all enterprises should also strive for shifting the emphasis of V&V activities to the earlier phases of the NPD chain. In addition, the share of understanding increasing V&V activities, such as simulation and modelling, should be highlighted. The current emphasis of V&V is at the end of late product development, and in production, not in the early product development where V&V would be the most effective.
This study covered a collection of methods, identified potential for SMEs, for reducing uncertainty. Therefore, should a wider scope be selected, the results could vary somewhat, and potentially describe the set of available methods more thoroughly. The empirical part of the research analysed whether the selected methods are in use, yet the profoundness of utilising these methods requires further study.
Additional research is required to clarify how to find balance between the benefits of parallel development, and cost control, in product development. In addition, managing customer requirements in turbulent business environment requires further research, as well as, widening the perspective outside ICT.
